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Abstract 
Microstructures applied on technical surfaces can lead to a significant improvement of the function of a workpiece. Most of the 
technical surfaces are preliminary processed, e.g. grinded, before applying the microstructure. Regarding the quality assurance, the 
grinding grooves on the surface can be a barrier when it comes to automatically detect the microstructure and afterwards calculate 
function oriented quality indicators. Therefore a three-stage noise suppression methodology is presented in this paper using the 
single point analysis, the Sobel algorithm and the Hough transformation to automatically detect the accurate form of the 
microstructure in order to enable the subsequent calculation of function orientated quality indicators. These quality indicators can 
be used to automatically adjust the parameters of the production machine while it is operating. 
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1. Introduction 
Individual mobility is one of the most important 
achievements in modern life, though it represents one of 
the main challenges to overcome on the way to 
preventing global climate change by reducing the 
worldwide emissions of carbon dioxide. The most 
efficient way to reduce carbon dioxide emissions is to 
reduce the fuel consumption of motor cars by decreasing 
the friction losses in the system. Focusing on the 
combustion engine, friction losses within the engine and 
the transmission cause a total loss of approximately 11% 
of the fuel energy (see Figure 1) [1]. Applying 
microstructures on the surface of friction bearings may 
increase the hydrodynamic pressure in the bearings and 
minimize friction losses during starting and even normal 
operation of the engine. Exemplary microstructures 
applied on a test structure by laser ablation can be seen 
in Figure 2. Regarding the dimensions of the 
microstructure, another effect becomes more important: 
the tribological affected surface can vary significantly, 
which causes a need to scale down the dimension of the 
microstructure if the affected surface gets smaller in 
order to sustain the functionality of the structure (e.g. 
increasing the hydrodynamic pressure). 
 
 
Fig. 1. Illustration of the energy consumption and the losses for a 
passenger car (referred to [1]) 
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This fact further increases the complexity of 
producing function orientated microstructured surfaces 
e.g. by laser ablation or electric discharge machining 
(EDM) [3]. 
 
 
Fig. 2. Surface topography plot of exemplary microstructures measured 
by confocal optical microscopy (referred to [2]) 
Beside the challenges concerning the production of 
the microstructures, the quality assurance faces 
difficulties when it comes to detecting the form and size 
of the microstructures. 
2. Quality Assurance of microstructured Surfaces 
One main complexity in the production of 
microstructured parts is the effect of process-caused 
form deviations of the microstructures on the 
predetermined function of the part. Small variations 
within the microstructure can lead to severe changes in 
the behavior of the whole part. Therefore the quality 
assurance needs to define specific function-related 
quality indicators which are suitable to describe the real 
state of the surface structure and concentrate on the 
functionality of the part. These quality indicators can be 
e.g. the percentage of negative shapes on the surface or 
the distribution of the applied microstructures on the 
surface. For the calculation of the function-related 
quality indicators, it is necessary to clearly and 
accurately detect and evaluate the microstructure on the 
surface in order to get a significant result. Usually the 
presence and form of a microstructure or a defect on the 
workpiece surface can be determined by evaluating the 
value in z-direction of measurement points obtained 
through confocal optical microscopy and finally 
displaying the values in a surface topography plot (see 
Figure 2). 
2.1. Influences on the Measurement Evaluation Result 
In general, there are a multitude of influences on the 
result of a measurement evaluation. Concerning the 
uncertainty of the evaluation, the influence of different 
users on the result can be eliminated by a complete 
automation of the evaluation. A common evaluation 
based on single surface sections can be seen as another 
source of evaluation uncertainty. Figure 3 shows the 
result of a measurement evaluation using a single surface 
section. 
 
 
Fig. 3. Exemplary evaluation of a technical surface based on a single 
surface section (referred to [4]) 
It is clearly visible, that the resulting value will differ 
depending on the position of the section and hence there 
is no possibility to reach a reliable conclusion about the 
surface quality based on reliable data. Therefore an 
evaluation of the entire measured area is necessary in 
order to reduce the ability of easily modifying the result 
by adjusting the surface section. In particular the 
evaluation of the entire measured area can be viewed as 
an extension of the sample size compared to the 
evaluation based on single surface sections. Combining 
the solutions to a user independent and automated 
evaluation of the whole measured surface area, however, 
highlights an additional problem: the bad signal-to-noise 
ratio of microstructures on a preliminary grinded 
technical surface. 
2.2. Definition of the Signal-to-Noise Ratio 
In the field of signal processing the signal-to-noise 
ratio (SNR) is defined as the quotient of the signal 
amplitude A and the standard deviation of the noise σ 
according to the following formula: 
Noise
SignalASNR V  (1) 
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In case of a three-dimensional measurement for the 
detection of applied microstructures on a grinded 
technical surface the SNR can be defined in the 
following two ways: 
maxR
z
SNR Stμ   (2) 
or 
z
Stμ R
z
SNR   (3) 
with zst = depth of the produced microstructure, 
Rmax = maximum surface roughness and Rz = average 
surface roughness. These values can additionally be seen 
in Figure 4. 
 
 
Fig. 4. Values for the calculation of the signal-to-noise ratio (SNRμ) 
(referred to [3]) 
Under the constraint of SNRμ < 1, the presence of the 
microstructures cannot be automatically deduced by a 
single filtering of the values in z-direction anymore. 
Figure 5 shows an example of a microstructured surface 
with a bad signal-to-noise ratio. 
 
 
Fig. 5. Example of a microstructured surface with a bad signal-to-noise 
ratio (diameter of the marked microstructure approx. 5-7 μm) 
The microstructures marked in the figure are 
characterized by the same depth (approx. 1.4 μm) as the 
surrounding grooves caused by the preliminary grinding 
process, which makes it difficult to detect the 
microstructure automatically. For the implementation of 
a user independent measurement data analysis of 
microstructured technical surfaces it is necessary to 
provide a solution, which can evaluate surfaces even 
under the restriction of a bad signal-to-noise ratio. 
2.3. Three-Stage Noise Suppression Methodology 
The methodology developed at the wbk – Institute of 
Production Science at KIT to automatically evaluate 
microstructured surfaces under the restriction of a bad 
signal-to-noise ratio consists of three consecutive stages: 
 
x Single point analysis: detection of the Regions of 
Interest (ROI) 
x Noise suppression: reduction of noise in the output 
data of the single point analysis 
x Object recognition: automatic detection of regular 
geometrical objects in the measurement area. 
 
All program parts representing the three stages are 
implemented in the MATLAB environment, which 
requires a text-based input file for the subsequent data 
processing. Beside the type of input file there are 
additional program-specific requirements concerning the 
formatting of the input measurement data. Using the 
confocal optical microscopy, the measurement data is in 
a regular shape within the x-y plane with a maximum 
lateral resolution up to 0.3 μm. The number of 
measurement points in x- and y-direction is static due to 
the regular pixel array of the optical sensor. The value of 
every measurement point can vary freely in z-direction 
within the measurement range. 
The first stage of the three-stage methodology is 
named single point analysis and is used to mark the 
ROIs in the measurement data. This stage is necessary to 
bring out the measurement points, where a remarkable 
offset in z-direction can be found between adjacent 
points. The single point analysis investigates the mean 
value and the variance of the distances between the 
measurement points in both x-y- and y-z plane. In a 
regular shaped surface measurement point cloud, every 
point has four direct neighbors. The distances between 
each point and its direct neighbors are calculated and 
transformed to an average distance. In the next step, a 
quality rating for each point is calculated using an 
adaptable weighting function based on the normal 
distribution [5]. Based on the average distances in 
relation to the mean point distance of the whole point 
cloud, all measurement points are rated with a score 
between 0 and 100. As it can be seen in Figure 6, 
measurement points with larger distances to their direct 
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neighbors obtain a lower quality rating than regular 
measurement points within the grid. 
 
 
Fig. 6. Quality rating of the measurement points based on the distances 
between the measurement points in the x-y- (on the left) and y-z plane 
(on the right) (referred to [2]) 
In this example, the point marked with the quality 
rating of zero on the right hand side of Figure 6 differs 
from its ideal position in z-direction. Therefore the mean 
distance to its direct neighbors is larger than the mean 
distance of all points in the point cloud (visualized by 
the larger arrows) and the quality rating is downgraded 
according to an adaptable limit. This limit is given by 
the multiplication of the parameter k and the standard 
deviation s (see Figure 7). In case of applying the single 
point analysis on measurement data gained by confocal 
optical measurement, deviations in the x-y plane do not 
exist due to the unchangeable regular pixel array of the 
sensor. 
 
 
Fig. 7. Weighting function based on the normal distribution for the 
evaluation of the point distances with the parameter k and the standard 
deviation s (referred to [6]) 
The result of the first stage is a matrix consisting of 
the quality rating values of all points in the measurement 
area. The quality rating of all measurement points can be 
visualized by plotting the values within the matrix 
according to a corresponding color-scale. Finally the 
existing ROIs on the measured surface can be clearly 
identified in the results of the single point analysis either 
by the concentration of lower quality rating values in the 
matrix or groups of colored points in the plot of the 
matrix. 
The second stage of the three-stage methodology is 
named noise suppression and uses the Sobel algorithm to 
reduce noise, e.g. grinding grooves deeper than the 
applied microstructure. In general the Sobel algorithm is 
well known in the field of digital image processing 
where it is primarily used for edge detection. In this 
designated case of application the Sobel algorithm uses 
the changes of the gray scale values to detect edges 
within an image. The utilization of the Sobel algorithm 
in order to reduce noise in the image of a measured 
surface is based on edge detection in two different 
directions: horizontal and vertical. Calculating the 
gradient of both horizontal and vertical results, the 
omnidirectional noise within an image can be reduced 
significantly, i.e. only linear edges remain in the dataset. 
Figure 8 shows the application of the Sobel algorithm 
and the result of calculating the gradient. In this example 
the noise is given by the clouds in the background of the 
building. As can be seen, the Sobel algorithm is suitable 
to reduce omnidirectional noise in digital images, 
whether in images of the environment taken by a 
commercial camera or in images of technical surfaces 
taken by an industrial optical sensor. 
 
 
Fig. 8. Example for the application of the Sobel algorithm (horizontal 
and vertical) on a digital image for the reduction of noise (resulting 
gradient) 
Therefore the result of the second stage of the three-
stage methodology can be described as the reduction of 
noise in the output of the single point analysis and marks 
the input for the third stage: object recognition. 
 
 
Figure 9.  Original circle (on the left) and the observed maximum in 
the accumulator space (on the right), representing the center point of 
the original circle 
Generally the aim of object recognition is to 
automatically detect forms in a processed digital image 
of a surface measurement. In this particular case, the 
object recognition is performed on a circle in order to 
extract the radius using the Hough transformation. After 
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decomposing the input data into distinct accumulator 
spaces, the Hough transformation assigns circles with a 
defined radius to all object points. Each accumulator 
space is characterized by a different radius of the 
assigned circles. A local maximum, marked by the 
intersection of the assigned circles, is only discoverable 
in one instance of the accumulator space, which is 
characterized by one certain radius of the assigned 
circles (see Figure 9). This local maximum represents 
the object, e.g. the center point of the circle, whereof the 
radius of the real object can be deduced. 
With the combination of the detected form of the real 
object and its depth in z-direction, various function 
related quality indicators can be calculated subsequently. 
These quality indicators can be used to automatically 
adjust the production process by changing the 
parameters of the machine in real-time even during 
operation. The methodology presented is suitable for the 
analysis of all sizes of measurement point clouds of a 
measured surface with the only restriction of a regular 
shaped point cloud. 
2.4. Summary 
The approach presented aims on the automatic 
detection and evaluation of applied microstructures on 
technical surfaces in order to subsequently adjust the 
parameters of the production machine in real-time 
during operation. One main complexity when it comes to 
automatically detect structures on preliminary grinded 
surfaces is how to deal with the bad signal-to-noise ratio. 
Therefore a three-stage noise suppression methodology 
was developed at the wbk – Institute of Production 
Science at KIT. The methodology consists of three 
consecutive stages: the single point analysis for the 
detection of the Regions of Interest (ROI) in the 
measurement area, the noise suppression by Sobel 
algorithm for the reduction of noise in the output data of 
the single point analysis and the object recognition using 
the Hough transformation. 
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